This study was In women with repeated miscarriages, intensive diagnostics allow the identification of a definite cause in some cases only, such as, for example, chromosomal, uterine, or hormonal disorders. In the majority of miscarriages, however, the cause remains unknown, so that discrete hormonal or immunological disorders are assumed. Therefore, further factors must be identified that may affect female fertility and play an etiological role in the pathogenesis of repeated miscarriages. In a previous crosssectional study of an unselected group of 322 infertile women, increasing blood dichlorodiphenyldichloroethene (DDE) levels were significantly associated with a decreasing conception rate and increasing pentachlorophenol (PCP) concentrations with an increasing miscarriage rate (11).
Chlorinated hydrocarbons (CHCs) are ubiquitous persistent substances that are incorporated into the body via ingestion, inhalation, and transcutaneously. Cell and animal studies have shown that CHCs are stored in different organs, especially the fatty tissue; exhibit hormonelike activity; and induce immunological changes (1-5). Miscarriages, fetal malformations, and growth retardation were observed in women with occupational exposure to chlorinated hydrocarbons or accidental CHC poisoning (6-10).
In women with repeated miscarriages, intensive diagnostics allow the identification of a definite cause in some cases only, such as, for example, chromosomal, uterine, or hormonal disorders. In the majority of miscarriages, however, the cause remains unknown, so that discrete hormonal or immunological disorders are assumed. Therefore, further factors must be identified that may affect female fertility and play an etiological role in the pathogenesis of repeated miscarriages. In a previous crosssectional study of an unselected group of 322 infertile women, increasing blood dichlorodiphenyldichloroethene (DDE) levels were significantly associated with a decreasing conception rate and increasing pentachlorophenol (PCP) concentrations with an increasing miscarriage rate (11) .
We conducted this observational study to detect a possible etiological role of chlorinated hydrocarbons in the pathogenesis of repeated miscarriages. CHC levels of women with repeated miscarriages were compared with those of a reference population.
Furthermore, women with primary versus secondary miscarriages, women with early versus late miscarriages, and women with hormonal or immunological disorders as causes of repeated miscarriages versus women with idiopathic repeated miscarriages were investigated in order to detect possible differences between these different types of repeated miscarriages. The working hypothesis was that an increased body burden of CHC may be an important etiological factor in repeated miscarriages. We therefore expected to detect increased CHC levels in women with repeated miscarriages in comparison to the reference population. We also investigated possible effects of lowlevel CHC exposure on hormonal and immunological parameters, which may also play an etiological role in repeated miscarriages. The long-term effects of CHC levels with respect to farther conceptions and the outcome of pregnancies were also observed. We must stress, however, that this is an observational study conducted to detect possible associations and to create new working hypotheses for controlled studies.
Material and Methods
Subjects. We determined CHC levels in addition to the usual diognostics in 89 women with a history of at least two miscarriages who attended the Clinic of Reproductive Endocrinology between 1989 and 1993. Miscarriages in women who had never delivered a baby are defined as primary miscarriages (n = 65). A history of miscarriages following the delivery of at least one baby with the same partner defines secondary miscarriages (n = 24). Sixty women complained of early miscarriages (by the 12th week of gestation), and 5 women complained of late miscarriages (13th-25th week of gestation). Twenty-four women had a history of both types. Thirty-nine percent of the women had a history of 2 miscarriages, 31% of 3, and 30% of 4 or more miscarriages, with a maximum 12 miscarriages. The median age of the women was 28 years (range 21-39 years), the median body mass index (BMI = body weight/height5) was 22 kg/iM2 (range 17-37 kg/iM2). Of these women, 87% were German. Non-Germans were mainly women from Eastern and Central Europe. All of them were Caucasian. Seventy-two percent of the women were employed, 15% were housewives, and 13% were industrial workers. Seventy percent of the women were nonsmokers, 18% smoked 1-10 cigarettes/day, 8% smoked 11-20 cigarettes/day, and 4% smoked more than 20 cigarettes/day. All subjects were medically fit at the time of this study. The menstrual cycles were found to be eumenorrhoeic (interval 25-30 days) in 70% and oligomenorrhoeic (interval 31 days-6 weeks) in 20%. Severe menstrual cycle disturbances (interval >6 weeks) were found in 10%. These women had wished for a child for less than 3 years (40%), 3-5 years (40%), or more than 5 years (20%).
Investigations. Chromosomal, uterine, medical, or immunological causes of miscarriages were investigated with help of the usual diagnostic procedures (12), e.g., chromosomal analysis, hysterosalpingography, determination of autoantibodies, etc. The hormonal tests were performed in the early follicular and the luteal phases of the menstrual cycle [determinations of follide-stimulating hormone (FSH) and luteinizing hormone (LH) at baseline and following the administration of gonadotrophin-releasing hormone (GnRH); prolactin and thyroidstimulating hormone (TSH) at baseline and at 30 min after stimulation with thyrotropin-releasing homone (TRH); testosterone; dehydroepidandrosterone sulfate (DHEAS); 17,-estradiol; progesterone]. bThyroid-stimulating hormone 30 min after stimulation with thyrotropin-releasing hormone.
The immune systems of the women were anti-DNA antibodies in 2]. In 43% of the evaluated by determining the lymphocyte women, none of the above causes was subpopulations, neopterine, and the detected (idiopathic miscarriages). The conimmunoglobulins IgG, IgM, and IgA (13) . ception and miscarriage rates were observed The following causes of repeated miscar-in the women over a period of 1-5 years folriages were identified in the women: 1) horlowing the above diagnosis. In women with monal disorders were found in 31% [hyper-a known cause of repeated miscarriages, prolactinemia in 9% (prolactin >450 IU/l), individual therapy was given as previously hyperandrogenemia in 7% (testosterone described (11,14) : hormonal therapy was >500 pg/ml and/or DHEAS >4,500 ng/ml), used to improve follicular maturation and combined hyperprolactinemia and hyperan-luteal function; progesterone was adminisdrogenemia in 1%, and luteal insufficiency tered during the first trimester of pregnancy; in 14% (repeated luteal progesterone <10 vitamins, minerals, and trace elements were ng/ml]; 2) 5 women had uterine abnormali-given if needed; uterine abnormality was ties (uterus subseptus in 2, uterus bicornis in surgically corrected if nesessary; and acetyl-2, and uterine fibroids in 1); 3) 1 woman salicylic acid was administered to subjects had chromosomal translocation; 4) the with antiphospholipid syndrome. In oneantiphospholipid syndrome was found in 10 third of the subjects, no therapy was given women [partial thromboblastin time (PTT) because the women refused any treatment or >30 sec and/or anticardiolipin antibodies >6 a specific cause of repeated miscarriages was U/mI); and 5) 8 subjects had positive not identified. 'T-helper cell/T-suppressor cell ratio.
In women with early miscarriages, decreasing testosterone and decreasing stimulated TSH concentrations were noted the higher the f-HCH levels ( Table 3) .
As for PCP and f-HCH, inverse correlations were found between testosterone and y-HCH levels (Table 4) . y-HCH concentrations were also inversely correlated to FSH and TSH levels. Early follicular estradiol concentrations were higher with increasing y-HCH levels. In women with early and secondary miscarriages, different lymphocyte subsets were directly correlated to y-HCH levels (Table 4 ).
In women with late miscarriages, increasing FSH concentrations and an increasing Thelper cell/T-suppressor cell ratio due to decreasing T-suppressor cell counts were noted as HCB levels increased (Table 5) .
Marked associations to different hormonal parameters were detected for PCBs ( (Table 7) . A direct correlation was found between DDE and the lymphocyte count. In women with early miscarriages, DDE levels were directly correlated to the counts of total T cells and the T helper cells. In the total group of women with repeated miscarriages, the count of interleukin 2 receptor-positive cells decreased and the monocyte and natural killer cell count increased as DDE concentrations increased.
With increasing CHC scores, FSH and prolactin increased and testosterone levels decreased (Table 8) .
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Discussion
In this specific group of women with repeated miscarriages, the contamination with certain CHCs was more pronounced than in the total population, which was investigated in a group of more than 1,900 women of the same region. In 20% of the women with repeated miscarriages, at least one of the CHCs was increased above the reference range (15). A similar frequency of increased CHC levels was previously noted in a group of women with infertility (11). The CHC levels, especially PCP, HCB, and PCB, were found to be increased above the reference range in 6-15% of the women. Although DDT has been banned in most countries for some years now, relatively high blood DDE concentrations were observed. In 14% of the women, levels above the reference range were found. These women were mainly non-Germans who may have had a greater exposure in their youth. Furthermore, they may still be exposed to DDT due to the use of imported food from their home countries. Only for DDE were significantly higher levels found in foreign compared to German women. There was a tendency toward higher PCP and ,1-and y-HCH levels in foreign women and a tendency toward higher PCB levels in German women, but these levels did not reach statistical significance. This pattern is nevertheless typical for our geographical region (17). No significant age dependency was noted for the different CHCs, which may be due to the narrow age range of 21-39 years in the women investigated. In populations with a greater age range, the contamination with CHCs with long half-lives, such as HCH, PCB, and DDE, has been found to be age dependent (11, 18) . Higher blood ,-HCH levels were noted in nonsmokers than in smokers. In a study of mother's milk samples, inverse associations between smoking and HCH, PCB, and DDE levels have been previously noted (19) . Smoking may lead to an induction of detoxicating enzyme systems resulting in a more pronounced 3-HCH degradation.
Higher PCP concentrations were noted in women with menstrual cycle abnormalities than in eumenorrhoeic women. This may be due to hormonal changes, which are discussed below. After adjustment for age, it was noted that women with a history of at least three miscarriages had markedly greater PCP levels than women with two miscarriages. In an unselected population of more than 300 women, an increasing miscarriage rate has been previously noted with increasing PCP levels (17 The CHC score was used to evaluate the total CHC body burden. We found significant direct associations to FSH and prolactin and an inverse correlation to testosterone. This may also confirm a specific ovarian and pituitary CHC sensitivity.
We noted numerous immunological changes in association with the different blood CHCs. Increasing PCP levels were associated with decreasing lymphocyte counts and IgG levels. In a previous study of women with exposure to wood preservatives, in vitro stimulation of lymphocytes was found to be abnormal and decreased T-suppressor cell counts were detected (13, 47, 48 :199-206 (1989 .. ' ! '' .---. . . . .. . " " '. . ' . " " " "' " " " " " " ' " " " " " ' ' s , ' " " " " " " " " " " " " " ' . ' ' " " ' " ' " ' ---" " ' " " " " " " " " " " " " " " " " " " """ " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " ' . .,.,.,,,.","""","""""" ... ' " ' ' . . _ -------------------------. ---' ---
